A similarity analysis of non-Newtonian fluid flow past an accelerated vertical infinite plate in the presence of free convection current is carried out. A group theoretic generalized dimensional analysis is employed to achieve the governing non-linear ordinary differential equations in the most general form. Numerical solutions of these equations are given with the plot of their velocity profiles with the effects of Pr-Prandtl number and Gr-Grashof number.
Introduction
For a long time, there has been considerable interest in non-Newtonian fluids (Skelland, 1967; Wilkinson, 1960; Bird et al., 1960; Dunn, 1999; Kapur, 1963; Metzner, 1965; Nakayama and Koyama, 1988; Hansen and Na, 1968) . The complex rheology of biological fluids has motivated investigations involving different non-Newtonian fluids. In recent years, non-Newtonian fluids have become more and more important industrially. Polymer solutions, polymer melts, blood, paints and slurries, shampoo, toothpaste, clay coating and suspensions, grease, cosmetic products, custard, are the most common examples of nonNewtonian fluids. Academic curiosity and practical applications have generated considerable interest in finding the solutions of differential equations governing the motion of non-Newtonian fluids. The property of these fluids is that the stress tensor is related to the rate of deformation tensor by some non-linear relationship. These fluids present some interesting challenges to researchers in engineering, applied mathematics and computer science. Thus wide usages of these fluids have prompted modern researchers to explore extensively; the fields of non-Newtonian fluids (Surati and Timol, 2010; Neosi Nguetchue et al., 2009; Patel and Timol, 2004; 2005; 2009a; 2008; 2009b; . Soundalgekar and Pop (1980) studied a flow past an accelerated vertical infinite plate in the presence of free convection currents. His problem is limited to the Newtonian fluids only. A steady laminar free convection flow of an electrically conducting fluid along a porous hot vertical plate in the presence of a heat source is investigated by Sharma and Pankaj, (1995) . The velocity and temperature distributions are shown graphically for two cases Gr >0 and Gr<0. An exact analysis of rotation effects on an unsteady flow of an incompressible and electrically conducting fluid past a uniformly accelerated infinite vertical plate, under the action of a transversely applied magnetic field was presented by . Theoretical solution of an unsteady radiative flow past a uniformly accelerated isothermal infinite vertical plate with uniform mass diffusion is presented by Muthucumaraswamy and Shankar (2011) , taking into account homogeneous chemical reaction of first order.
The present work further extends the recent work of Soundalgekar and Pop (1980) and also generalized dimensional analysis criteria of Morgan (1952) for non-Newtonian fluids. In the present paper we have carried out a complete similarity analysis of all non-Newtonian fluids flow past an accelerated vertical infinite plate in the presence of free convection currents. A group theoretic generalized dimensional analysis is employed to achieve the governing non-linear ordinary differential equations. A numerical solution is obtained for viscous Newtonian fluids, power-law non-Newtonian fluids and Powell-Eyring nonNewtonian fluids for different flow indices and different values of parameters and Prandtl as well Grashof numbers by spline collocation method. The numerical solution of the power-law fluid for the case k=1 and n=1 is in good agreement with Soundalgekar and Pop (1980) .
The Powell-Eyring model is mathematically more complex and deserves our attention because it has certain advantages over the power-law model. Firstly, it is deduced from the kinetic theory of liquid rather than the empirical relation as in the case of the power-law model. Secondly, it correctly reduces to Newtonian behavior for low and high shear rate. 
Generalised dimensional analysis method
The conventional dimensional approach to this problem would be to associate with the significant quantities. Thus 
Equation (2.5) has a greater significance, however, than merely for changing scale; that is Eq.(2.5) constitutes a two-parameter group, with the scale factors L and W playing the role of group parameters.
Each of the variables in any set of the governing equations under consideration is regarded as being in one of three distinct categories: (i) dependent (ii) independent (iii) physical. Thus, the variables appearing in Eqs (2.2) -(2.3), u, y, t, -, U may be identified as follows: the fluid velocity u may be identified as the dependent variable; the position and time coordinates y, t may be identified as independent variables; and the quantities U, -may be identified as physical variables.
In recognition of the foregoing three categories for variables, the class of r-parameter groups ,... ,... ..., ,
can be written somewhat more explicitly. Thus, we consider the following r-parameter groups of the form, 
The matrix BC is assumed to have rank r, while the matrix C has rank s, s d r. Thus the dimensional matrix associated with Eqs (2.7) -(2.9) has rank r.
As an additional means of facilitating the presentation, the rows of BC are assumed to be arranged, so that (i) when s = r, the first r rows of C are linearly independent, (ii) when s < r, the first s rows of C plus the last [r -s] rows of B are linearly independent.
To illustrate the foregoing motions, consider again Eqs (2.5). By inspection, the matrices, B. C and BC are given, respectively, by : ; : ; : .
Also for Eqs (2.5); n = 1, m = p = r = s = 2, having defined the class of r-parameter groups (2.7) -(2.9) and having introduced some important aspects of the dimensional matrix associated with such groups, attention now turns to certain features of the generalized dimensional analysis approach. 
combining Eqs (2.12) and (2.13), a system of first order, linear partial differential equations evolves, , ,... . According to the theory of first order linear partial differential equations Eq.(2.14) has [m + p -r] independent solutions. It will now be shown that each of the independent solutions may be determined in the form,
Indeed, upon substitution of Eqs (2.15) into (2.14) and simplification, a linear system of ordinary equations is derived, 
With the foregoing preliminaries in hand, the principal results are presented below:
Principal results
The statement of Theorem 1 does not suggest a preferred form for the required absolute invariants. However, experience reveals that for practical applications of the theorem it is frequently good practice to establish the required set of absolute invariants in one of the two forms to be given in Theorem 2 and Theorem 3.
Theorem 2 treats the case where the rank r of the matrix BC associated with r-parameter groups (2.7) -(2.9) equals the rank s of the matrix C, the case r > s is then considered in Theorem 3. 
In a similar manner (2.16) yields the following system of equations for the exponents kD J of Eq. (2.20) .
. ,..., . . .
[It is assumed that p > s. For the special case p = s, no absolute invariants are determined solely from the physical variables]. 
In a similar manner, Eq.(2.16) yields the following system of equations for the exponents of Eq.(2.26)
. . 
Mathematical analysis
Considering a laminar, two-dimensional incompressible boundary layer equation with a Cartesian co-ordinate system, we take xc axis along the sheet in the vertical direction and yc axis is taken normal to it. and under the boundary layer assumption the stress strain relationship will be 
where in u is a velocity component in the x direction, y is a rectangular co-ordinate, y x W is a component of shearing stress, F is an arbitrary function, t is dimensionless time, Gr is the Grashof number, Pr is Prandtl number, T is dimensionless temperature, U(t) is dimensionless free stream velocity. With the use of dimensionless quantities , , , ,
where 0 U is constant with the dimension of velocity; U is the density of the fluid; K is thermal conductivity; Cp is specific heat at constant pressure; P is viscosity; T is acceleration due to gravity, we may reduce the system of Eqs (3.1)-(3.3) by the group-theoretic generalized dimensional analysis will cause restrictions to be imposed on the function U(t) and ( ) t T in such a way that boundary conditions can be transformed into a meaningful form.
So in order to find a possible form of U(t) and ( ) Now in order to apply Theorem 3, a pi theorem stated by Moran and Murshek (1972) , (given in section-2) the rank of dimensional matrix associated with independent and physical variables BC and physical variables C of 1 * is required to be determined. The associated dimensional matrix will be :
.
By inspection, the rank of B C r 3 and rank of C = S = 2 and since r and s in the light of Theorem -3 following set of Ŝ s can be obtained.
Clearly, Ŝ is a similarity independent variable whereas , and 1 2 3 S S S are similarity variables, i.e., in the usual notation.
ˆ,
Now for a non uniformly accelerated plate, if we consider U (t) = k t and put Ŝ K then the set of absolute invariants (3.8) will be 
Conclusion
The important conclusion drawn from this analysis is that in comparison to other similarity techniques, the new group theoretic generalized dimensional analysis relaxes the restriction on the main stream velocity which finally leads to the class of similarity solutions of the problem.
The application of the spline collocation method to the set of non-linear differential equations leads to the solution of linear algebraic equations. Very compact solutions are involved here. The convergence of the method is found to be very fast as the results presented in all the tables are obtained by successive four approximations. This type of simplicity in application justifies a wide use of the method. Another significant feature of this method is that there is no restriction on the domain, which affects the convergence of the 
